The present study is an attempt to obtain information on the behavior of lymphocytes in guinea pigs with eczematous hypersensitivity when the lymphocytes are brought into contact with antigen in vitro. Unexpectedly, it was observed that some of the peripheral lymphocytes of 2 ,4-dinitro-1-chlorobenzene (DNCB) sensitized guinea pigs lyse "spontaneously" in vitro, and that the lysis is inhibited by the addition of DNCB solution.
The present study is an attempt to obtain information on the behavior of lymphocytes in guinea pigs with eczematous hypersensitivity when the lymphocytes are brought into contact with antigen in vitro. Unexpectedly, it was observed that some of the peripheral lymphocytes of 2 ,4-dinitro-1-chlorobenzene (DNCB) sensitized guinea pigs lyse "spontaneously" in vitro, and that the lysis is inhibited by the addition of DNCB solution.
This phenomenon is somewhat similar to that observed by Polak (1) in his study of pentoneal exudate cells of DNCB-sensitized guinea pigs. Further experiments showed that lysis does not depend on specific cell-bound factors in lymphocytes, but on some factors in the serum of DNCB-sensitized guinea pigs.
MATERIALS AND METHODS 1. Sensitization. White guinea pigs weighing about 400 g were used throughout this investigation. Hair was removed with an electric clipper from the thigh, and a 50% DNCB acetone solution was applied daily to the depilated area for seven consecutive days, starting with one drop and increasing by one drop each day. After 1-2 weeks tests for sensitization were completed by applying 0.02 ml of a 0.025% DNCB alcohol solution in a circular area measuring 10 mm in diameter, and the animals which showed a strong positive reaction were used for the experiments.
One hundred mg of para-nitrosodimethylaniline (p-NDMA) and 10 ml of complete Freund's adjuvant were thoroughly mixed, and 0.1 ml of the resulting emulsion was injected into the foot pads of guinea pigs in another group. The animals were patch tested 10 days later and only those which were strongly reactive to a 0.01% p-NDMA alcohol solution were further observed.
The minimal concentration of p-NDMA solution for primary toxic reaction on the skin of normal guinea pigs was above 0.5%.
2. Instruments and reagents. All glass utensils used for bleeding and incubation were siliconized and sterilized by dry heat. White blood cells were counted in Burker's chamber. The reagents used in this in vitro study were physiological saline, flanks' solution, 0.03% DNCB solution and 0.01% p-NDMA saline solution. The 0.03% DNCB tion was prepared as follows: 100 mg DNCB and 1% polyethylenglycol 400 in saline were mixed and kept at 37° C. The supernatant of this DNCB solution was used for the experiments. A quantitative microanalysis (2, 3) showed that 100 ml of the supernatant contained 30.1 mg of DNCB.
3. Bleeding. Five ml of blood was drawn from normal or DNCB-sensitized animals by heart puncture with a syringe containing 0.1 ml of a 1% heparin solution and placed in test tubes.
4. Suspension of blood cells in various media.
a. Suspension in Honks' solution: The blood drawn from animals by heart puncture was immediately centrifuged at 1500 rpm for 10 mm. and the plasma was removed. The sedimented blood cells were washed twice with saline and then added with the same quantity of flanks' solution as the removed plasma.
b. Inactivated plasma suspension: The plasma, in a thin glass test tube, was placed for 3 mm. in a water bath at 60° C. Inactivation of complements in the plasma by this procedure was confirmed by the absence of hemolysis in the complement fixation reaction.1 This plasma was added to the original blood cells.
c. DNCB-sensitized blood cells suspended in normal plasma and normal blood cells suspended in DNCB-sensitized plasma: Plasma and blood cells of normal and of DNCB-sensitized guinea pigs were separated by the method described in 4-a. Then the blood cells of DNCB-sensitized guinea pigs (DNCB-sensitized blood cells) were combined with the plasma of normal guinea pigs (normal plasma), and the blood cells of normal guinea pigs (normal blood cells) with the plasma of DNCB-sensitized guinea pigs (DNCB-sensitized plasma). These procedures were done within 40 mm.
It was confirmed by cross matching test2 that neither hemagglutination nor agglutination of leukocytes occurred between the blood cells of recipients and the plasma of donors.
5. Serum fraction. Several fractions were obtained by salting out with ammonium sulfate (4).
The euglobulin fraction was found to contain 52.9% -globulin and 42.1% p-globulin by paper electrophoresis.
6. Incubation. To 1 ml of blood or suspension of blood cells was added an equal quantity of saline or antigen solution, and the samples obtained were incubated at 37° C.
7. Leucocyte count and differential. Leucocyte count and differential was performed before and Orthodox hemolytic reaction to sheep erythrocytes. 2 Coca's method. 430 Accepted for publication July 12, 1967. * From the Department of Dermatology, Faculty of Medicine, Kyoto University, Kyoto, Japan. Eight animals were studied.
Results are given as "mean value standard deviation". after incubation. One-half ml of blood or suspension of blood cells was placed in a test tube containing 4 ml of citrate-crystal violet solution.'
After a 30-minute mixing, the blood was placed in a Burker's chamber for leucocyte count. 9. Supensatant of DNCB-sensitized leucocyte suspension. A huffy coat was obtained from the DNCB-sensitized blood and was washed with saline three times. A suspension of the huffy coat was made by adding the same amount of saline as the DNCB-sensitized blood. The suspension was incubated for 30 mm. at 37° C, and a supernatant was obtained by eentrifugation for 10 mm. at 1500 rpm.
RESULT5
The blood from 8 DNCB-sensitized guinea pigs was incubated with an equal quantity of saline and leucoeyte counts were performed 1, 3, 6, 10, 15, 19 and 48 hrs. after incubation. In view of the results obtained (Table I) , subsequent experiments were performed with a 1. Fall in leucocyte count in the blood of DNCB-sensitized guinea pigs, and its inhibition by the addition of 0.03% DNCB solution. The "per cent of remaining cells" in 22 DNCB-sensitized guinea pigs was 69. 7 11.6%, whereas that in 18 normal guinea pigs was 93.9
9.2%. The "per cent of remaining cells" was 92. 8 8.5% in DNCBsensitized blood mixed with an equal volume of 0.03% DNCB solution before incubation • (Table IV) . The • , A or o show the per cent of whole white blood cell count, lymphocyte count or polymorphonuclear leucocyte count respectively before and after incubation to whole white blood cell Count () before incubation.
Fm. 2. Comparison of differential leucocyte
counts of DNCB-sensitized blood before and after incubation. The "per cent of remaining cells" in normal blood cells suspended in the DNCB-sensitized plasma was 68. 8 9.3% and "fall in whole white cell counts" was approximately parallel to the "fall in lymphocyte counts". Such fall was inhibited by the addition of 0.03% DNCB solution.
On the other hand, the "per cent of remaining cells" in DNCB-sensitized blood cells suspended in normal plasma was 69.7 6 .9%.
This fall was inhibited also by the addition of a 0.03% DNCB solution. "Fall in leucocyte counts" was not observed in normal blood cells in inactivated DNCB-sensitized plasma or in DNCB-sensitized blood cells in the inactivated plasma (Table V) .
b. Addition of inactivated DNCB-sensitized plasma: Normal blood was mixed with the inactivated DNCB-sensitized plasma and saline in a ratio of 1:0.4:0.6. The "per cent of remaining cells" was 66.9 6.2% (Table VI) .
c. Addition. of the supernat ant of DNCBsensitized leucocyte sus pension: The supernatant of DNCB-sensitized leucocyte suspension was added to an equal volume of normal blood and incubated for 19 hrs. at 37° C. The "per cent of remaining cells" was 69.7 5.5% (Table VII) The "per cent of remaining cells" irs the normal blood incubated with either of these sera, which were either kept for 3 days at room temperature (15°-23° C), frozen for 5 days at -17° C, or dialyzed against saline for 48 hrs.
indicated "fall in leucocyte counts" (Table   VIII ).
e. Addition of euglobulin fraction of DNCBsensitized serum: The "per cent of remaining cells" in the normal blood incubated with 1.2 (Table VIII) .
DISCUSSION
As shown in the introduction of Results and in Results 1, 2 and 6-a., the fall in leucocyte counts observed on the heparinized blood from DNCB-sensitized guinea pigs is probably due to a fall in lymphocyte counts, which resulted from destruction of some lymphocytes. This phenomenon will be referred to as "lympholysis" in the present paper. This "lympholysis" is inhibited by the addition of antigen solution. Results of specificity tests between DNCB-sensitized guinea pigs and p-NDMA sensitized guinea pigs indicate that "lympholysis" was inhibited by some immunologically specific process, leading to a suggestion that "lympholysis" itself also may be caused by an immunologically specific process. This suggestion may be strengthened by the facts that complement is required for lympholysis (Result 4, 5), that "lympholysis" is not observed in guinea pigs' blood on the next day of sensitization and that factors causing "lympholysis" exist in the euglobulin fraction of the The "lympholysis" observed by the authors in DNCB-sensitized guinea pigs is similar to that noted by Favour in that the destruction of lymphocytes occurs in the presence of complement due to some immunologic mechanism. However, it is distinctly different from Favour's lympholysis in some respects. The lympholysis of Favour is observed within 1-2 hrs. after the addition of antigens, whereas the present "lympholysis" occurs without the addition of antigens and it is observed after more than 10 hrs. of incubation. Furthermore, plasma of DNCB-sensitized 6). The lympholysis observed in the present study seems to be immunologically specific as mentioned above and it may be that both antigen and antibody participate in the lysis of lymphocytes. In this study, guinea pigs were used 1-2 weeks after sensitization. It is conceivable that at this stage DNCB used for sensitization may remain in small quantities in the sensitized animals. According to Eisen (12) , 80% of DNCB percutaneously applied remains in the body 24 hrs later. On the other hand, anaphylaxis has sometimes been observed in guinea pigs with contact hypersensitivity (13, 14) indicating a presence of antibody in serum. A "lympholysis" causing factor seems to be an antigen-antibody complex, since it is easily transferred from the plasma to lymphocytes and from lymphocytes to a medium (Result Ga and Ge), suggesting that an antigen and its antibody act together, since the factor is contained in the euglobulin fraction. The mechanism of inhibition of "lympholysis" by the addition of antigen observed in the present study has been left unelarified.
A possibility is that the behavior of the antigen-antibody complex may be altered by the addition of antigen.
A comparison of the degree of reaction by topical application with that of "lympholysis" was not studied in detail. Among the guinea pigs with a positive reaction to topical 0.025% DNCB alcohol solution, some showed a positive reaction to 0.01% DNCB alcohol solution and others a negative reaction. However, "lympholysis" occurred approximately the same extent in both groups.
The antibody participating in "lympholysis" does not seem to be directly responsible for eezematous hypersensitivity, since this type of hypersensitivity is not transferred by serum. But, a possibility that serum antibody may play a role in eezematous reaction cannot be entirely excluded, because it has not yet been proved that only transferred cells are responsible for eliciting the eezematous reaction in passively sensitized guinea pigs. Karush and Eisen (17) suggested that serum antibody is present in extremely low concentration in delayed hypersensitivity, below the limit of detectability by current methods. 2) The addition of p-NDMA solution to the blood of DNCB-sensitized guinea pigs and of DNCB solution to the blood of p-NDMA-sensitized guinea pigs failed to inhibit the lysis of lymphocytes leading to a suggestion that the mechanism of the lysis is immunologically specific.
3) The presence of complement was found to be indispensable for the lysis of lymphocytes.
4) "Lympholysis" eliciting factors are contained in the euglobulin fraction of the serum of DNCB-sensitized guinea pigs. They were not destroyed by heating at 60° C for 3 mm., by freezing or by dialysis, and they were easily transferred to the lymphocytes of normal animals suspended in the plasma of DNCBsensitized animals.
5) "Lympholysis" causing factors were also found in the lymphocytes of DNCB-sensitized animals, and easily transferred from the lymphocytes to their culture media.
